Background
Introduction
In 2000, the National Institutes of Health Consensus Development Conference announced that women with early breast cancer profit from cytotoxic chemotherapy as it reduces the risk of recurrence and increases median overall survival [1, 2] . Because of missing data concerning the response of different intrinsic breast cancer subtypes to adjuvant therapy, polychemotherapy was applied to most affected women with localized breast cancer irrespective of menopausal status, affected lymph nodes, tumor subtype or hormone receptor status [1] [2] [3] . These guidelines did not consider the heterogeneity of tumor biology or large variety of clinical parameters when developing the best therapy strategy.
During the last decade, recent studies demonstrated that breast cancer is a heterogeneous disease with variable subtypes and different gene array profiles [4] [5] [6] [7] . The use of DNA microarrays helped to define molecular subtypes of breast cancer that differ in terms of epidemiology, natural history, dissemination patterns to distant sites, prognosis and response to various therapies [8] [9] [10] [11] [12] [13] [14] . The St Gallen panel of 2011 accepted the definition of five different, molecular breast cancer subtypes for clinical application with the intention of identifying which subgroups of breast cancer patients benefit from adjuvant polychemotherapy and those that won't [15] .
Luminal A is a common molecular subtype of breast cancer with a distinct gene expression [16, 17] . This subgroup has the best prognosis and is characterized by high expression of hormone receptors [9] , and low expression of the cell-growth marker Ki67 and the human growth factor HER2 [15, 18] . It is well accepted that patients with luminal A tumors strongly benefit from an adjuvant endocrine therapy [15] . The indication of cytotoxic chemotherapy for luminal A patients lies however at the heart of an ongoing debate. On one hand, it is well established that luminal A patients benefit less from cytotoxic therapy than patients with hormone receptor negative or HER2 positive tumors. On the other hand, there seems to be a subset of hormone receptor positive luminal A tumor patients for whom the application of an adjuvant chemotherapy seems to be beneficial [16, 19] . The increasing use of gene expression assays for patients with luminal tumors underlines the high value of clearly identifying subgroups of breast cancer patients who can expect an excellent clinical outcome without the addition of cytotoxic therapy [16, 20, 21] . Right now, the decision for the addition of chemotherapy to adjuvant endocrine therapy for luminal A patients is-next to gene expression assays-mostly influenced by clinical parameters such as tumor size, nodal status, grading, age and indices of cell proliferation. However, factors influencing chemotherapy sensitivity are still poorly understood. For this reason, the intention of this study was to discuss the benefit of cytotoxic therapy for women with luminal A breast cancer depending on different clinical parameters like the number of affected lymph nodes based on the BRENDA data and to demonstrate the therapeutic strategies of the last decade.
Methods

Brenda
The BRENDA (= breast cancer care under evidence-based guidelines) collective included patients with breast cancer from the Department of Gynaecology and Obstetrics at the University of Ulm and from 16 partner clinics in Germany for the period 2001-2008. The exact conditions and inclusion criteria of BRENDA have been described previously [22, 23] . For this retrospective study, we extracted data from 4570 patients with luminal A tumors.
Surrogate Definition
To define the biological breast cancer subtypes, cell proliferation marker Ki67 is currently used. As this marker was not determined for the BRENDA database we modified St. Gallen 
Menopausal status
For the definition of the menopausal status we we classified three groups of women who can safely be considered postmenopausal: 1. all women older than 60 years of age; 2. women who underwent a bilateral ovariectomy and 3. women younger than 60 years not using oral contraceptives or hormone replacement therapy (HRT) with an intact uterus and being amenorrhoic for at least one year prior to the diagnosis of breast cancer.
Women having regular menses/periods without using oral contraceptives or HRT are classified as premenopausal.
Statistical analysis
All categorical data were described using numbers and percentages. Comparisons of categorical variables between groups were made using χ2 tests. Quantitative data were presented using median and range or mean and standard deviations. The primary endpoint was relapse-free survival (RFS), which was assessed by a standard survival analysis using the non-parametric Kaplan-Meier approach. Relapse-free survival is defined as any disease recurrence (local, regional, or distant), but death is censored (not included). If a patient was lost to follow-up, data were censored at the date of the last known contact. When no information was available, the status was coded as missing data. Survival distributions and median survival times were estimated using the Kaplan-Meier product-limit method. The log rank-test was used to provide a formal statistical assessment of the differences between treatment arms. The 5 and 10-year survival rates with 95% confidence interval (95% CI) were computed using KaplanMeier product-limit survival probabilities at the specified time points. The Cox proportional hazards model adjusted for age, tumor size etc. was used to estimate the hazard ratio (HR) and 95% confidence intervals. A test of the PH assumption was performed for each covariate and globally using a formal significance test based on the unscaled and scaled Schoenfeld residuals. All statistical tests were two-sided. The level of statistical significance was set at a P-value of 0.05. Statistical analyses were carried out with SPSS [22] and NCSS [10] .
Compliance with Ethical Standards
The Ethics Committee of the University of Ulm, which covers all participating breast cancer centers of the BRENDA network, approved this study and the BRENDA project. Informed consent was documented by the use of a written consent form approved by the BRENDA Review Board and signed by the patient or the patient's legally authorized representative. A copy was given to the person signing the form.
Results
Basic characteristics
This study includes 4570 breast cancer patients with the luminal A subtype. 3003 (65.7%) of them had T1 tumors, 1407 (30.8%) had T2, and 1151 (3.3%) T3, and only 9 (0.2%) had T4 tumors. 3122 (68.3%) had no affected lymph nodes, while 963 (21.1%) patients were diagnosed with one to three affected lymph nodes; 485 (10.6%) patients had more than three affected lymph nodes. The median age was 62 (range 25-80). 325 (7.1%) patients received neither chemotherapy nor anti-hormonal therapy (adjuvant systemic therapy = AST), 2712 (59.3) were treated with an adjuvant HT. CHT alone was administered to 157 (3.4%) patients. The combination of hormone and chemotherapy was applied to 1376 (30.1%) patients. The 5-year RFS was 94.3% (mean RFS 10.4y) and the 5-year overall survival (OAS) was 93.2% (mean OAS 10.2y) ( 
Clinical parameters influencing the decision making progress for Adjuvant Systemic Therapy (AST)
AST and number of affected lymph nodes. First, we created a classification tree that predicts the application of AST based on the number of affected lymph nodes. This model showed a highly significant difference (p<0.001) for the use of AST and the number of affected lymph nodes. With a negative nodal status, most patients (75.0%) got HT, while 15% received HT and CHT and only 2.2% CHT. 7.7% did not get any AST. In contrast, 68.9% of the patients with more than three affected lymph nodes were treated with a combination of CHT and HT. Here, 16.5% of the patients got only HT, 9.3% CHT and 5.4% no AST. The combination of CHT and HT was applied to 59.5% of patients with one to three affected lymph nodes, while 30.0% of them got a HT, 4.5% only a CHT and 6.0% no AST (Fig 1) . AST and age. A model that predicts the application of AST based on the age at first diagnosis demonstrated a highly significant adverse correlation (p<0.001) between different age groups and the administered AST. Most patients younger than 35 years (65.2%), got both, CHT and HT, whereas 15.2% received only CHT, 10.9% HT and 8.7% no AST. For patients between 35 and 65 years of age, we found 49.7% with HT, 39.7% with CHT and HT, 6.2% with no AST and 4.4% with CHT. Most of the young elderly patients between 65 and 75 years (69.7%) got HT, 21.5% CHT and HT, 6.7% no AST and 2.2% only CHT. In the group of the elderly over 75 years, 82.6% received HT, 12.6% no AST, 3.6% CHT and HT and only 1.1% CHT.
AST and grading. Another highly significant (p<0.001) classification tree constitutes the use of AST and grading. HT was applied to 77.2% of the patients with G1 tumors and 56.2% of patients with G2 tumors. A combination of CHT and HT was used in 13.5% of patients with G1 tumors, but in 32.9% of patients with G2 tumors. CHT alone was administered to 1.3% of patients with G1 tumors and to 3.8% of patients with G2 tumors. No AST was used after the diagnosis of a G1 or G2 tumor for 7.9% and 7.0% of the patients, respectively.
AST and tumor size. Another decision tree model showed that tumor size had a strong impact on the application of AST (p<0.001). For patients with T1 tumors, 67.0% received HT, 23.2% CHT and HT, 2.8% CHT and 7.0% no AST, whereas 46.2% of the patients with T2 tumors got HT, 46.2% CHT and HT, 7.4% no AST and 4.4% CHT. 55.6% of the patients with T3 tumors had CHT and HT, 31.1% HT, 6.6% CHT and 6.6% no AST. Fig 2 shows optimal cut points for the tumor size and a highly significant difference (p<0.001). Here, we have used the following classification: 12mm; 12-18mm; 18-34mm and >34mm (Fig 2) . AST, nodal status, age, grading and tumor size. Fig 3 summarizes a branched tree-based classification model of the significant differences in AST depending on nodal status, age, grading and tumor size (Fig 3) .
AST and year of diagnosis. Cross tabulation analysis showed a highly significant reduction (p<0.001) in chemotherapy for patients with luminal A nodal negative breast cancer from 2001 to 2008. In 2001, 28.8% of them received CHT and HT, 5.5% only CHT. In contrast, in 2008, only 12.1% got CHT and HT and 2.0% CHT (Table 2 ). There was no significant reduction (p = 0.332) in the use of chemotherapy for node-positive luminal A breast cancer patients in this period. CHT and HT were applied to 67.6% of the patients in 2001, to 60.8% in 2008. CHT alone was applied to 2.9% of the patients in 2001 and to 6.6% in 2008 (Table 3) .
Clinical benefit of AST for luminal A patients
Firstly, we examined RFS of all luminal A patients stratified by nodal status. As expected, the best RFS could be observed for patients with no affected lymph nodes, followed by patients with 1-3 affected lymph nodes (HR 1.73; 95% CI: 1.26-2.39; p = 0.001) and patients with the 4-10 affected lymph nodes (HR 3.25; 95% CI: 2.21-4.79; p<0.001). Patients with more than 10 affected lymph nodes had the worst RFS (HR 8.35; 95% CI: 5.67-12.29; p<0.001) compared to N0 luminal A patients. Similar results were obtained for OAS. The next best OAS was observed for patients with 1-3 affected lymph nodes (HR 1.55; 95% CI: 1.18-2.05; p = 0.002) compared to patients with no affected lymph nodes, followed by patients with 4-10 affected lymph nodes (HR 2.76; 95% CI: 1.96-3.88; p<0.001). The worst OAS was observed for patients with more than 10 affected lymph nodes (HR 5.83; 95% CI: 4.04-8.43; p<0.001). For N0 (N1)-patients the 5-year RFS was 96.2% (90.2%) and the 5-year OAS was 94.9% (89.2%). Secondly, we analysed RFS of all luminal A patients stratified by AST and adjusted by nodal status. Patients with HT alone had no significant worse outcome compared to patients with CHT and HT (HR 1.12; 95% CI: 0.80-1.57; p = 0.525). In contrast to this result, patients with CHT alone or no AST had a highly significant worse outcome compared to patients with CHT +HT (CHT alone: HR 2.50; 95% CI: 1.52-.4.12; p<0.001; no AST: HR 2.87; 95% CI: 1.86-4.44; p<0.001). There was no significant difference between patients with CHT alone and no AST (p = 0.988) (Fig 4) . Because of the more powerful HT including aromatase inhibitors (AI) we made a differentiated analysis for TAM and AI each of these in combination with CHT. These Finally, we analyzed RFS of luminal A breast cancer patients depending on different AST and different nodal status adjusted by age, tumor size and grading (multivariate). The univariate and multivariate results are presented in Table 4 .
In none of the corresponding subgroups, with respect to nodal status, could we find a significant difference in RFS between patients with CHT+HT and HT alone. Also, for patients with more than 3 affected lymph nodes there was no significant difference in RFS between HT 
Discussion
Today, it is well accepted that genomic tumor subtypes as well as different clinical parameters influence the adjuvant therapeutic strategy of breast cancer patients [4] . There are different breast cancer subtypes and clinical parameters that make the application of cytotoxic therapy indispensable [15] . For the subgroup of luminal A breast cancer, the question of the clinical benefit of the application of CHT cannot be answered unequivocally.
As the administration of chemotherapy involves considerable physical and emotional stress for patients, the application should at least improve RFS and OAS of the affected women significantly. Therefore, the question of whether patients are optimally treated without cytostatics should be answered clearly. The recommendations of the National Institutes of Health Consensus Development Conference in 2000 for CHT for all early breast cancer patients have been overtaken by the identification of different biological behavior of the intrinsic breast cancer subtypes [1, 2] . We could demonstrate a highly significant reduction (p<0.001) in the use of chemotherapy in patients with luminal A nodal negative breast cancer from 2001 to 2008.
This trend matches the performed research and is in line with the literature [12, 16, 26] . However, the practice of omitting chemotherapy for women with luminal A tumors-independently of clinical parameters-seems to be controversial. The strategy to waive chemotherapy was based on several meta-analyses that found no added benefit of CHT for luminal A tumors [1, 27] . Most of these studies applied CMF-based chemotherapy and prescribed Tamoxifen concurrently with CHT. This therapeutical setting is however no longer in line with breast cancer management guidelines. We therefore performed subgroup analysis in the BRENDA database for luminal A patients in the period from 2001-2008. We discovered that nodal status, grading, age and tumor size were highly significant indicators for the application of CHT in patients with luminal A tumors. Especially, nodal status seems to play an important role for the application of CHT.
We could illustrate that patients with node-negative luminal A tumors-independent of the menopausal status and of the type of anti-hormonal therapy-did not benefit in terms of RFS from an addition of CHT to HT. These findings are in line with the results published by the IBCSG (International Breast Cancer Study Group) IX trial that demonstrated in 2011 that postmenopausal women with node-negative luminal A disease do not benefit from adding cyclophosphamide, methotrexate, and fluorouracil to HT [28] . The study IBCSG VIII that focused on premenopausal, nodal negative luminal A tumors also showed strong evidence that This analysis demonstrated that the adjuvant treatment with a combination of CAF plus Tamoxifen significantly improved disease-free survival, as compared to Tamoxifen alone [31] . It has to be mentioned, that the anti-hormonal therapy in this analysis was limited to Tamoxifen and did not integrate the positive effect of aromatase inhibitors for postmenopausal women [32] .
On the other hand, there are several retrospective analyses that are in line with our results. Nielsen et al. could not find a 10-year disease-free survival difference between premenopausal women with luminal A, lymph node-positive invasive breast cancer, larger than 5 cm who received chemotherapy and those who did not [18, 33] . This analysis focuses however on a study cohort between 1977 and 1983, whereby none of the patients got adjuvant HT. Therefore, this trial does not mirror the current standard of care.
Another study on the effect of chemotherapy for luminal A tumors was published in 2013 by Uchida et al. This analysis could not detect a significant difference in RFS between patients with tumor size greater than 2 cm and/or positive lymph node status who either received chemotherapy or not [34] . It has to be added that this study group used a less-efficacious chemotherapy regimen with regard to dosages. Moreover, the retrospective analysis published by Uchida et al. contained only 24 patient, whereas we extracted data from 4570 luminal A tumor patients.
A further publication that focused on the questionable use of CHT for luminal A, nodal positive patients was published in 2015 by Kwak et al. Kwak and co-workers demonstrated in a multivariable analysis no significant benefit of adjuvant CHT for disease free survival for patients with luminal A T1-2 nodal positive tumors [35] . We could confirm the results of this analysis even for the subgroups of nodal positive (1-3 affected lymph nodes) and highly nodal positive (more than three affected lymph nodes) patients.
In our BRENDA collective 21% of the luminal A patients had 1-3 and 10.6% more than 3 affected lymph nodes. Comparing our data with the literature shows a large variety for the number of affected lymph nodes. Uchida et al. published in 2013 a study cohort with 26% of luminal A patients with lymph node involvement [34] . Han et al. analyzed a population of 44% of luminal A patients with affected lymph nodes [36] , whereas de Oliveira Filho et al. showed data that are very much in line with our results of 32% of luminal A patients and lymph node metastasis [37] . Of course, lymph node involvement is a predictive factor for the clinical outcome of luminal A breast cancer patients. In our data, we analyzed that relapse free survival an overall survival is significantly influenced by the number of affected lymph nodes (data not shown). We could however not demonstrate a clinical benefit for the addition of CHT to HT independently of the number of affected lymph nodes for luminal A tumors (Fig 4 and Fig 5) .
One limitation of this analysis is the renunciation of high dense, high intense chemotherapy. Möbus et al. described that patients with more than three affected lymph nodes benefit from this intense therapy [38] . In the period of 2001-2008, the standard chemotherapy was anthracycline based and did not include high intense regimes. Therefore, further studies are necessary to analyse if there is a clinical benefit of high intense chemotherapy in addition to anti-hormonal therapy for patients with more than three affected lymph nodes and luminal A tumors.
Moreover, there are now advantages for a longer period of endocrine therapy (10 years instead of 5 years) [39, 40] . Therefore, the prolonged endocrine therapy should also be compared to the addition of CHT for luminal A breast cancer patients. It can only be guessed that the effect of CHT could be even lower for patients with luminal A tumors who received long term HT.
A final critical point, that should be mentioned is based on the fact that we focused on RFS in our analysis. Indeed, we also performed OAS analysis. Based on a lack of OAS follow up data we did, however, not get statistically clear results. OAS analysis for luminal A breast cancer patients should, therefore, be performed in an even bigger study cohort.
In conclusion, the decision for the use of CHT in addition to HT for luminal A tumors should not be based on the traditional clinical factors such as tumor size, age, grading and the number of affected lymph nodes.
Based on these clinical parameters, we could not identify a subgroup of luminal A breast cancer patients that had a clear benefit from the application of CHT in addition to HT, independent of the type of anti-hormonal therapy. Regarding the negative acute and long-term side effects of CHT, the application of theses cytotoxic substances should, however, be justified by a significant clinical benefit.
Identifying new predictors of chemo sensitivity constitutes, therefore, an important task in developing tailored therapies for women with luminal A tumors. 
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